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For several years we have been convinced
that a greater understanding of susceptibility to
and pathogenicity of mycotic infections might
be obtained by a physiological and biochemical
study of individuals susceptible to those inf cc-
tions. The decision to concentrate such a study
on tinca versicolor stemmed from the benign
nature of the infection, a factor important in
making experimental subjects available, as well
as from our belief that individuals with this
disease must have certain factors which make
them susceptible.
It was reasoned that if a clue could be obtained
as to the identity of such factors, susceptibility
to other mycotic diseases might be clarified, the
experimental transmission of tinea versicolor
readily achieved and its pathogcnesis studied.
Moreover, the verification of susceptibility
factors in tinea vcrsicolor would help to deter-
mine the role of Pityrosporum orbiculare in that
disease. P. orbiculare, isolated by Gordon in
1951, is morphologically similar to the spherical
yeast forms in tinea vcrsicolor (1). Although no
experimental infections have been produced with
P. orbi cut are as inoculum, many investigators
have expressed the belief that, in susceptible
individuals, the fungus would produce hyphac
and clinical characteristics of the disease.
Some aspects of this investigation are still in
progress, but the results thus far obtained among
the 47 patients, 21 experimental subjects and 18
controls have more than justified undertaking
such an extensive project.
The primary purpose of this paper is to report
on three factors which are of importance in
susceptibility to tinea vcrsicolor and to comment
on their possible interrelationship. A second
purpose is to present the results of successful
inoculation of human subjects with tinea versi-
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color scales and with P. orbiculare and to discuss
the Malassezia furfur-Pityrosporum orbiculare
problem. A brief summary of the general char-
acteristics of tinca vcrsicolor and the group of
patients forming the basis for this study is also
presented.
GENERAL OBsERvATIONS
Age, sex, race. In temperate zones tinea
versicolor is most prevalent among young and
middle aged adults. It rarely occurs in children
or in the elderly. In the present study of 47
patients, the age and sex distribution agree well
with previous findings as indicated in Table I.
Four of the nine cases in the 12—19 year old
group occurred in two twelve year old patients
(1 male and 1 female) and in two thirteen year
old patients (1 male and 1 female). All were
post-pubertal. Thirty-six of the patients were
Caucasians and ten were Negroes.
Lesion type and distribution. Most of the
infections that were encountered were typical in
that the lesions were multiple, whitish to fawn-
colored, macules scattered usually over the
upper trunk but extending occasionally to the
lower abdomen and the proximal portion of the
extremities. Papular lesions varying from a light
pink to a dark brown color, depending upon the
age of the lesion, were present in 3 males (Fig.
1). These lesions invariably occurred about a
follicular opening and could be removed easily
using a cotton tipped applicator wetted with
acetone. Infection of the face and neck was
present in 3 negroes and 3 white patients. Two
TABLE I
Age Male Female Total
12—19 6 3 9
20—29 9 9 18
30—39 7 5 12
40—49 3 3 6
50—59 1 1
60—69 (65) 1 1
Total 27 20 47
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FiG. 1. Papular tinea versicolor lesions in the dorso-lumbar area.
of the latter are brothers: in one the facial in-
volvement was extensive with lesions extending
from the neck and ears over the angle of the jaw,
the cheeks, eyebrows and with the scalp highly
fluorescent and heavily infected (Fig. 2). Eight
other patients (3 male and 5 female) showed
involvement of the occipital region of the scalp.
There was one case of tinea cruris-like infection
in a diabetic female.
Influence of sweating and personal hygiene.
The observation that infection is particularly
prevalent in those persons who perspire profusely
and neglect their personal cleanliness (2) was
only partly substantiated. Since most patients
were examined over a period of several weeks
and sometimes months, ample opportunity was
available for study. There was no evidence that
the tinea versicolor group as a whole showed
increased sweating tendencies. Only 3 patients
could be said to perspire profusely: 2 of these
were difficult to free of infection and were also
prone to recurrences; the third reported primary
infection and had only a small area of involve-
ment over the right clavicle. The latter infection
was cleared easily. Certainly those who treated
themselves and were careless in bathing and
preventive measures were more prone to recur-
rences. However, extreme cleanliness is not an
adequate protective factor against infection as
FIG. 2. Tinca vcrsicolor infection: 39 year old
white male with extensive involvement of face and
scalp. Both depigmcntcd and hyperpigmentcd
areas present.
a
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indicated by 2 patients in our series: one, a
19-year old female college student with a clean-
liness neurosis bathed 2—3 times daily; the other,
a 38-year old college professor, showered morning
and evening. There have been no recurrences in
the college professor in 30 months. There have
been 2 recurrences in the college student.
SUSCEPTIBiLITY FACTORS
1. Genetic Transference
There is considerable evidence that suscepti-
bility may be genetically transferred. Of the 47
eases studied, 29 were or had been married; none
knew of infection in their conjugal mates. In 4
instances, these mates were exposed to tinea
versicolor for more than 15 years and in 6 in-
stances they were exposed from 5—8 years. In
contrast, 8 or 17 %* reported familial infections
which were verified either in the clinic or by
medical records. These include (1) mother and
daughter, (2) and (3) maternal aunt and niece
(aunts lived in separate domieiles), (4) mother
and son, (5) two sisters, f 6) and (7) two brothers
and (8) mother and 3 of 7 children. The two
brothers listed in (6) first noticed infection when
each was stationed in separate areas of India in
1944—5. The most widespread familial infection
with which we are acquainted is that listed in
(8). The first member of this family that we saw
was a 43-year old woman who had developed
tinea versieolor about two years earlier. We were
able to verify from hospital records that her 47-
year old brother had had tinea versieolor 16
years earlier although no lesions were evident at
the time of our study. A 49-year old sister had an
extensive infection of 15—20 years duration. The
mother, aged 68, at the time of her death from a
heart condition, also had an extensive infection
dating from her youth. Four other brothers and
sisters and none of the conjugal mates or their
children (all under 16 years of age) showed
infection at the time of our study.
Probably there are other but unknown familial
infections among our group as some of the
patients had had no contact with members of
their families for many years. It is interesting
that there was no evident instance of paternal
transference of susceptibility in the group. How-
ever, one college student did report that his
father had a skin condition similar to his. Un-
* Only one member of a family is included in
Table I.
fortunately the father refused to allow examina-
tion or provide scrapings for microscopic studies.
2. Illness and Malnutrition
It is significant that in our group of 47 patients,
16 or 34% had either more serious diseases or
altered physiology due to pregnancy at the time
the tinea versicolor made its appearance (Table
II). Four patients (1, 3, 8, 13) were referred to
dermatology by the hospital staff; 4 patients
(12, 14, 15, 16) were experimentally infected
during periods of illness and altered physiology;
the remaining 10 came to the dermatology out-
patient clinic for treatment of tinea versicolor.
TABLE II
Occurrence of Tinea Versicolor and Chronic Illness*
Disease Condition Male Female
1. Leukemia
2. Pineal tumor
3. Arteriosclerotic heart disease
Prolonged abdominal pain sug-
gestive of pancreatic neo-
plasm
Hype rthyroidism
Malnutrition
4. Hypertension
Hyperthyroidism
5. Hypertension
Obesity
6. Diabetes
7. Diabetes
Moniliasis
Alcoholism
8. Parkinson's disease
9. Psoriasis
10. Chronic malaise, obesity
11. Pregnancy
12. Avitaminosis
13. Dermatomyositis
Steroid therapy—Cushing's
syndrome
Arthritis
14. Cushing's syndrome
15. Cushing's syndrome
Tuberculosis
Dermatophytosis
Moniliasis
Diabetes
16. Etiocholanolone fever
Steroid therapy
* This table includes 4 patients (12, 14, 15, 16)
experimentally infected with tinea versicolor
(clinical and microscopic positives).
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If the hospitalized and experimentally infected
patients are excluded from the group, 8 out of 39
or 20.5% of outpatients requesting treatment for
tinea versicolor had other illnesses at the time of
tinea versicolor infection.
The role of malnutrition and avitaminosis is
emphasized by the occurrence of tinea versicolor
in one of our experimental subjects (pt. 12) who,
though repeatedly inoculated with tinea versi-
color scales and P. orbiculare, developed clinical
tinea versicolor only on two occasions and during
periods of anorexia, malnutrition and weight
loss. Both infections cleared spontaneously on
return of good health and normal eating habits.
This observation is further emphasized by
Slepyan (3) who stated that in American prisoners
of war who came out of Japan, there was a
piling up of scale in tinea versicolor patients and
that most of these patients were severely avit-
aminotic. Haley (4) has observed that some of
the South American investigators believe most
tinea versicolor patients to be ill in one way or
another and to have avitaminosis. Herrmann (5)
also has commented on the not infrequent
TABLE III
Results of experimental tinea versicolor infection
Experimental Subjects Inoculum Results
1
2
NV
MAR
Cushing's syndrome
Cushing's syndrome
T.B. moniliasis
dermatophytosis
diabetes
Tinea versicolor
scales
P. orbiculare
Clinical and microscopic
positive
Clinical and microscopic
positive
3
4
5
MK
WAT
SE
etiocholanolone fever
Cortisol 40—100 mg. daily
Tuberculosis pt.
Prednisone: 30 mg. daily
ACTH: 40 units every other day
Anti-T.B. chemotherapy
Tuberculosis pt.
Prednisone 30 mg. daily
ACTH: 40 units every other day
Anti-T.B. chemotherapy
P. orbiculare
P. orbiculare
Tinea versicolor
scales
Clinical and microscopic
positive
Microscopic positive
Microscopic positive
6
to
11
12
to
17
6 apparently normal subjects
6 apparently normal subjects
Tinea versicolor
scales held in place
by plastic caps
P. orbiculare
Negative
P. orbienlare in 3; clinical
and microscopic posi-
tive in 1 who later be-
came ill
18 Recovered Tinea versicolor pt. P. orbiculare P. orbiculare
19
and
20
Recovered Tinea versicolor pa-
tients positive for P. orbicnlare
Topical application
0.1% Kenalog
P. orbiculare
21 SP Tuberculosis pt.
Prednisone: 30 mg. daily
ACTH: 40 units every other day
Anti-T.B. chemotherapy
Pt. positive for M.
furfur
Course of infection
followed
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occurrence of tinea versicolor in patients with
debilitating diseases such as tuberculosis, prior
to the modern era of supportive drugs and drug
therapy. Several patients reported tendency of
tinea versieolor to flare or recur during illnesses
nnd during periods of emotional stress.
3. Plasma Cortisol Levels
The role of steroids in increased susceptibility
was suggested by Bondy's (6) observation of a
patient with Gushing's syndrome and tinea
versieolor which cleared without medication a
few weeks after bilateral adrenalectomy, and
by the report of Ganizares et at. (7) of a patient
who developed widespread and extensive tinea
versieolor while on long term eorticosteroid
therapy. We have also observed the development
of extensive tinea versieolor in one patient on
prolonged steroid therapy for dermatomyositis
and arthritis and in a pregnant female in the
third trimester during which period the plasma
eortisol levels are unusually high (8—10). Similar
observations on the generalized spread of super-
ficial myeotie infections, especially those caused
by Trichophyton rubrum, in Gushing's syndrome
have been made by Pillsbury and Jacobson (11),
Gremer (12) and Nelson and MeNiece (13). One
of the experimental subjects used in this study
(pt. 2, MAR, Table III) with Gushing's syndrome
due to pituitary tumor had extensive T. rubrum
infection, involving almost the entire cutaneous
surface, including face, ears and scalp; nails but
not the hair were also infected. This patient also
had T. mentagrophytes infection of the feet,
cutaneous moniliasis and tuberculosis. Fergusson
et at. (14) have cited the development of gener-
alized T. rubrum infection in a patient on corti-
eotropin therapy and Rothman (15) has reported
the development of T. rubrum in a pregnant
female after exposure to the fungus on a con-
taminated toilet seat.
In view of these observations and the evidence
of increased steroid levels under conditions of
medical, physical and emotional stress (16—21)
we decided to determine first, the role of plasma
eortisol levels in susceptibility to experimental
tinea versicolor infection; second, whether such
infections could be achieved using P. orbiculare
as inoeulum and third, whether abnormally
elevated cortisol levels are associated with tinea
versicolor.
EXPERIMENTAL INFECTION USING TINEA
VERSICOLOR SCALES AND P. ORBICULARE
CULTURED CELLS
Material and methods
Subjects were examined at least twice during
a two week period for the presence of M. furfur
or P. orbiculare. Only those individuals with no
microscopic evidence of either organism, with
the exception of Subjects 19, 20 and 21 (Table
III) were used in the study. No attempt was
made to prepare the skin for inoculation. The
tinea versieolor scales or P. orbiculare cells were
suspended in a few drops of olive oil and rubbed
across the upper back and shoulders to the
sternoelavieular area and base of the neck. No
effort was made to protect the inoeulum other
than to require the subjects not to bathe until
the following morning. Scrapings from the
inoculated area were collected at the end of the
first and second and fourth weeks, and monthly
thereafter for microscopic and cultural studies.
All experimental infection attempts were under-
taken during the winter months. The results are
presented in Table III.
Results
Subject 1. The first subj eet inoculated was a 12-
year old white male with Gushing's syndrome due
to adrenal hyperplasia. Repeated scrapings for mi-
croscopic examination during a week's hos-
pitalization did not reveal M. furfur or P. orbicu-
tare, nor was there any clinical evidence of tinea
versieolor at the time. The patient was inoculated
once with tinea vcrsieolor scales and was not seen
until 12 weeks later, when he entered the hospital
for bilateral adrenalectomy. A few tinea versicolor
lesions were present on his chest and a much
greater number across his back and shoulders in
the area of inoculation (Fig. 3). The young man
stated at this time that before our studies he had
occasionally had 1 or 2 such "spots" on his chest
which he could wash away. The extensive number
of lesions in the inoculation area suggests,
however, that we were able to establish infection
in that region. The subject was seen 1 year later.
During the interim period there had been no treat-
ment for tinea versicolor. There was no clinical
evidence of infection. Microscopic examination of
scrapings from chest and back showed no evidence
of M. furfur although P. orbiculare was easily dis-
tinguished and cultured.
Subject 2. The second patient was a 35-year old
Negro female with Gushing's syndrome due to
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FIG. 3. Tinea versicolor infection: 12 year old male with Cushing's syndrome inoculated 12 weeks
earlier with tinea versicolor scales.
pituitary tumor. The patient also had miliary tu-
berculosis, generalized dermatophytosis due to
7'. rubruni, T. rnentcsqrophytes, moniliasis and
diabetes. She was inoculated once weekly for 2
weeks with a 10-day culture of P. orbiculare. Mi-
croscopic studies just prior to the second inocula-
tion showed only the spherical, yeast-like P.
orbicutare. At the end of 2 weeks hyphal forms were
evident; during the third week Wood's light ex-
amination revealed 3 minute lesions over the left
shoulder. At the end of 6 weeks there was still no
gross evidence of infection, but on scraping the
back, shoulders and neck a number of small lesions
became evident (Fig. 4).
Subject 3. A 44-year old male with etio-
cholanolone fever (22), receiving 40—60 mg. cortisol
daily, was inoculated once weekly for 3 weeks with
a 10-day old culture of P. orbiculare. Scrapings
taken prior to the second and third inoculation
were microscopically positive for that organism.
Rare hyphal forms were evident at the end of 1
month and increased in number during the fol-
lowing 4 months. Branny scales were obtained
easily by scraping. During the 5th month, cortisol
treatment was interrupted for 3 weeks; at the end
of that period branny scales were not as apparent,
and only P. orbiculere could be demonstrated. In
the 2 months following restoration of treatment,
microscopic examinations again showed develop-
ment of hyphal forms. During the summer months
of July and August diffuse fluorescence was evident
over the trunk and upper arms and clinical tinea
versicolor became apparent (Fig. 5).
FIG. 4. Experimental tinea versicolor infection:
35 year old negro female with Cushing's syndrome
inoculated 6 weeks earlier with P. orbiculare.
Subjects 4 Gad 5. Two male patients with pul-
monary tuberculosis receiving 30 mg. prednisone
daily for 3 months and 40 units Zn-corticotropin
(ACTH) every other day for 6 months in addition
to anti-tuberculosis chemotherapy, were studied.
Subject 4, a 44-year old white male, was inocu-
lated with tinea versicolor scales once weekly for
two successive weeks during the first month of
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FIG. 5. Experimental tinea versicolor infection: 44 year old white male with etiocholanolone fever,
on steroid therapy; diffuse, fluorescent branny scales on arms.
steroid therapy. Only yeast-like organisms could
be demonstrated microscopically during the first
3 weeks after primary inoculation. During the 4th
week, which was the middle of the second month
of steroid therapy, a few hyphae were apparent.
These continued to increase in number and branny
scales were very evident on scraping. Before the
end of the ACTH treatment period only yeasts
were again evident. P. orbiculare was isolated
on the second, fourth and sixth month after inocu-
lation. Therapy was reinstituted in this patient
near the end of the sixth month and the scrapings
again became microscopically positive for Al.
furfur. No clinical evidence of disease other than
a diffuse scaliness, which may be attributable to
steroid therapy, was ever apparent.
Subject 5, a 28-year old Negro male, was in-
oculated with P. orbiculare on 2 successive weeks
during the third month of steroid therapy. Only
yeasts were evident during the first month after
inoculation. In the second month following in-
oculation which was the 4th month of ACTH
therapy, hyphae were apparent but never to the
extent observed in subject 4. This was also true
for branny scales. Less than 1 month after the end
of ACTH therapy no hyphae were seen although
clumps of P. orbiculare frequently could be demon-
strated in scrapings and the yeast cultured.
A third patient with tuberculosis who had de-
veloped Cushing's syndrome and was just com-
pleting steroid therapy was not inoculated because
he was microscopically positive for M. furfur on
initial examination. There was no clinical evi-
dence of infection in him other than fine branny
scales obtained on scraping. Six weeks after the
end of steroid-ACTH therapy, no hyphae were ap-
parent, and branny scaliness had decreased con-
siderably. P. orbiculare could be demonstrated and
isolated at this time as well as 4 months later. He
is subject 21 in Table III.
Subjects 6—11. Five apparently normal males
and 1 female were inoculated once by rubbing
tinea versicolor scales over the right shoulder and
by fastening some of the scales to the skin by
means of Band-Aid or plastic caps. At the end of
2 weeks P. orbiculare -like cells were evident in the
female. None were found in the males. All subjects
were negative for yeast-like cells at the end of 1
month, and none had developed tinea versicolor
at the end of 14 months.
Subjects 12—17. Five apparently normal males
and 1 female were inoculated with P. orbiculare
in the manner previously detailed. The female had
participated in the previous experiment 14 months
earlier but was negative for P. orbiculare on 3
weekly examinations prior to this study. Three of
the subjects, 2 males and 1 female, were micro-
scopically positive for P. orbiculare at the end of
2 weeks, and the yeast occasionally could be dem-
onstrated and isolated in them for 3 months. No
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branny scales or tinea versicolor developed in the
5 males during the 9 months following inoculation.
The female subject (no. 17), age 39, developed
tinea versicolor under conditions pointing up our
earlier observations of stress, chronic disease and
malnutrition. During a 10 week period the subject
had 3 episodes of virus-like influenza, and a
chronic and painful sinus infection. She developed
anorexia and lost approximately 12 pounds of
weight during this period. In an attempt to im-
prove her sense of well-being, the subject used an
ultraviolet sun lamp and was overexposed. She
then noticed several small areas in the sterno -
clavicular region which were white in contrast to
the surrounding erythematous skin. A microscopic
examination of branny scales collected from this
area showed typical M. furfur. No treatment was
begun in order to allow the infection to progress
to a stage where it might be photographed. How-
ever, the subject began to feel better, to take a
multiple vitamin preparation, and to regain her
appetite. At the end of 2 weeks there was no clini-
cal evidence of infection although a few branny
scales and M. furfur were apparent. At the end of
3 weeks neither branny scales nor M. furfur were
evident although P. orbiculere could be demon-
strated and isolated. Only P. orbiculare remained
occasionally evident in scrapings from the area
in the 3 months after primary infection.
Tinea versicolor recurred in this subj ect 4
months after primary infection and under similar
conditions; again with resumption of good health
and normal eating habits the infection cleared
spontaneously. There was no recurrence of in-
fection during the summer months. P. orbiculare
has been repeatedly demonstrated microscopically
and by culture in the 6 months since the second
episode.
Subject 18. This was a 23-year old white male
college student who developed tinea versicolor
during his junior year at college. The subject was
treated at the end of the academic year and easily
cleared of infection. There was no recurrence for
S months after treatment. During the 8th month,
microscopic examination on 2 successive weeks
showed no evidence of M. furfur or P. orbiculare.
The patient was inoculated once weekly for two
weeks with P. orbiculere. Monthly examinations
during 4 subsequent months showed only P.
orbiculare.
Subjects 19 and 20. These were a white male, age
23, and a white female, age 39, inoculated with
tinea versicolor scales, microscopically negative
for M. furfur but positive for P. orbiculare. A few
drops of 0.1% Kenalog ointment was rubbbed into
the skin in the left sternoclavicular area 4 times
daily for approximately 3 weeks, or until 1.5 gm.
a-hydrocortisone had been used. At the end of
that time as well as 2 and 4 weeks later, there was
no microscopic evidence of conversion of P. orbi-
culare to M. furfur.
Subject 21 was a 39-year old white male with tu-
berculosis who had developed Cushing's syndrome
while on steroid therapy. He was microscopically
positive for M. furfur on initial examination and
showed branny scales. Progress of infection in this
patient was studied monthly. Within 6 weeks after
termination of steroid-ACTH therapy, M. furfur
was not evident although P. orbicutare could be
demonstrated and isolated.
PLASMA CORTISOL LEVELS
The clinical and microscopic results of the
experimental studies indicate that individuals
with abnormally high (endogenous or admin-
istered) plasma cortisol levels are more susceptible
to tinea versicolor infection than apparently
normal persons. Because of these results we
decided to determine whether or not elevated
cortisol levels were a characteristic feature of
tinea versicolor patients.
Methods
Eight subjects with recurrent tinea versicolor
were selected. All had had infection for more than
two years. None reported illnesses during the
previous year other than mild respiratory in-
fections. Four experimental subjects, 2 with
Gushing's disease and 2 on steroid therapy were
chosen for comparison.
Blood specimen from subjects 5—7 and 10—12
were collected between 11:30 a.m. and 2:00 p.m.,
centrifuged and the plasma stored at —10° C.
Blood specimens from other subjects were
collected at 9:00 n.m. and processed in a similar
manner. The plasma cortisol levels were deter-
mined by the method of Bondy et at. (23), using
quantitative paper chromatography and photo-
fluorimetry. The results are presented in Table
Iv,
Results
Five patients (5—9): BK, AHA, PRI, CT and
HT yielded plasma cortisol levels within the
normal range by the test used of 4—14 g./lO0
ml. (23, 24). Three patients (10—12): FER, FRI
and PKS had high levels exceeding the normal
range. It should be pointed out that the deter-
minations for patients 5—7 and 10—12 with
recurrent tines versicolor were made on plasma
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Plüsma cortisol levels
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Experental Sex
1. NV M
Age Condition PIasm,ortso1,
12 Cushing's syndrome 24.8
Acanthosis nigricans
2. MAR F 35 Cushing's syndrome
T.B. dermatophytosis
Moniliasis, diabetes
38.1
29.3
3. MK M 46 Etiocholanolone fever
Cortisol therapy
11.0
17.0
4. WAT M 44 Tuberculosis
Prednisone-ACTH
Anti-TB. chemotherapy
0
Recurrent Tinea Versicolor
Apparently normal individual
College athlete
Apparently normal individual
Primary infection noticed about 6 weeks after kid-
ney operation
Hypertension, hyperthyroidism; primary infec-
tion occurred during period prolonged stress
Primary infection age 24 while in service in India.
Brother of pt. CT
Primary infection at age 26 while in service in
India.
Primary infection at age 13; poor nutritional
habits during high school years
Primary infection at age 19; obesity
Primary infection shortly after fenestration oper-
ation and penicillin reaction. Pt. frequently
feels poorly.
collected between 11:30 a.m. and 2:00 p.m. at
which time the cortisol levels are lower than early
in the morning (25). Although higher levels may
have been obtained in patients 5—7 had the
specimens been collected before 10:00 a.m., the
normal readings obtained in patients 8 and 9
indicate that high plasma cortisol levels are not
necessarily part of the tinea versicolor suscepti-
bility pattern.
The results obtained in the chronically ill
group showed levels which were, as expected,
definitely abnormal in the 2 Cushing's syndrome
patients. The results for patient MK on steroid
therapy showed one abnormally high level (17
jg./100 ml.) on a specimen drawn at 9:00 a.m.
and one within the normal range (11 j.tg./100 ml.)
on a specimen drawn at 1:00 p.m. The negative
results in the tuberculosis patient WAT may be
due to technical difficulties and are being re-
peated.
DISCUSSION
From the results of the present study, one
might hypothesize a basic biochemical or physio-
logic change in the skin or its secretions which
renders individuals susceptible to tinea versicolor.
This change may be inherent or genetic; it might
be brought about by stress, chronic illness,
malnutrition and avitaminosis and also by
prolonged and abnormally high plasma cortisol
levels.
In the experimental studies only one apparently
Recurr,nt Tinea
Versicolor Subjects
5. BK
6. AHA
7. PRI
8. HT
9. CT
10. FER
11. FRI
12. PKS
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FIG. 6. Pilyrosporum orbiculare X 700. PKS strain. Isolated on mycosel agar with olive oil layered
over surface; 32° C. Primary subculture—(a) 2 germinating cells; longer has 1 septum near middle of
hypha. The debris is from the medium and not skin scales. (b) germinating cell, septum near middle of
hypha. (c) hypha with 2 septa, one near midpoint and one at indentation near tip. (d) short germ tubes
usually observed in P. orbiculare cultures. (e) short fragments hyphae.
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similar to the hyphac of 111. furfur as seen in
tinea versieolor scales.
SUMMARY
1. In a study of the basis for susceptibility
to tinea versicolor infection, general observations
on 47 patients are presented. These concern:
age, sex, race, distribution and duration of in-
fection; effect of climate, health and hygiene.
2. Three susceptibility factors arc noted.
These include: a. a genetic basis for susceptibility
as indicated by the occurrence of tinea vcrsicolor
in other members of the family in 8 or 17% of
the patients studied. b. chronic illness, mal-
nutrition and avitaminosis. c. changes brought
about by abnormally high endogcnous or ad-
ministered plasma cortisol levels.
3. In experimental infection studies, clinical
tinca versicolor was produced in one, possibly
two, cases of Cushing's syndrome, in one patient
on steroid therapy and in one individual with
nutritional deficiency. Subclinical tinea versi-
color was produced in two chronically ill patients
on steroid therapy.
4. With cessation of steroid therapy, and in
bilateral adrenalcctomy in one patient with
Cushing's syndrome, M. furfur disappeared with-
out therapy.
5. Evidence pointing to a possible relationship
between M. furfur and P. orbiculare is presented.
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DISCUSSION
DR. J. WALTER WILSON (Los Angeles, Calif.):
I congratulate Dr. Burke. I wish to know if she
has seen any relationship between disturbances
of carbohydrate metabolism and fungous infection
in these individuals. A certain percentage of
patients with Cushing's syndrome become frankly
diabetic, others mildly diabetic during the process
of the disorder. Also certain people become mildly
or frankly diabetic during the administration of
steroids. I have observed that certain fungous
infections appear or become worse at such times.
I have wondered whether fungus organisms may
not be better in diagnosing a mild degree of
disturbance of carbohydrate metabolism in
human subjects than we are able to do by labora-
tory means available at present.
Dn. ALLAN L. LomNcz (Chicago, Ill.): I very
much enjoyed listening to this excellent report
and would like to confirm, from our own experi-
ence at the University of Chicago Clinics, the
high incidence of tinea versicolor in patients
with Cushing's disease as well as in those re-
ceiving ACTH in large doses. In particular, our
gastroenterologists have been treating large
numbers of individuals suffering from chronic
ulcerative colitis with ACTH in doses so large
that pronounced Cushingoid changes develop.
We have noted that tinea versicolor appears in
very many of these patients.
In speculating about what mechanism in
common might lie behind the enhanced sus-
ceptibility to tinea versicolor in persons who are
either malnourished, under stress, receiving
ACTH, suffering from Cushing's disease, or
residing in humid tropical areas, I wonder
whether a diminished rate of physiologic des-
quamation under these conditions could be the
major factor which permits M. furfur coloniza-
tion to become established on the skin surface.
DR. FRANCES KEDDIE (Los Angeles, Calif.):
I certainly enjoyed this paper very much. As
Dr. Burke already knows I have also been trying
to solve the mystery of tinea versicolor. Cultures
from the lesions produce a variety of yeast-like
organisms depending on the methods of culture.
Inoculations of cultured material produced
clinical tinea versicolor in one out of the ten
individuals inoculated.
In regard to the factors which alter suscep-
tibility to tinea versicolor I should like to men-
tion the literature of the last century. There are
many reports of contagion from person to person
by direct contact and by the way of borrowed
clothes. Unna (Eine ringformige Varietat von
Pityriasis versicolor. Arch. fur Dermat. u. Syph.
12: 166—168, 1880) describes what he begs to be
allowed to call the great "fertility" of the fungus
among his private patients and also among
the prostitute population of Hamburg during
the exceptionally cold winter of 1879. He makes
special note of the otherwise good health and
attention to the skin among the prostitutes.
Dr. Martial Hublé (Recherches sur le pityriasis
versicolor, sa transmissibilité et ses consequences
en médecine judiciare. Revue Med. de Toulouse,
pages 417—432, juillet 15, 1886) was able to
document incidences of contagion so precisely
that he came to believe such evidence of legal
value in cases of "rape, attempts against prudery,
adultery and assassination". In searching for a
reasonable explanation of the present lack of
contagiousness, at least in the temperate zone,
historical evidence points to improvement in the
care of the skin and clothing rather than im-
proved health.
DR. STEPHEN ROTIIMAN (Chicago, Ill.): I
wonder if the psychic stress does not act via
emotional sweating. Excessive perspiration has
always been suspected to play a role in the take
of Micros poron furfur. The incidence of tinea
versicolor in the male population of Central
American tropical countries with hot humid
climates is enormous.
DR. VICTOR R. WILEATLEY (Palo Alto, Calif.):
This is a paper in which Dr. Rothman and I are
extremely interested. The author mentioned
some work on the surface lipids, which I believe
she is studying. I know this paper comes from
Yale where Dr. Lipsky and my old friend, Dr.
Lovelock, have been working. Would you mind
giving us some preliminary remarks on your
findings on the lipid surface film in tinea versi-
color?
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DR. MARTON B. SULZBERGER (New York,
N. Y.): I was glad I yielded to Dr. Wheatley.
I was going to say abodt the same thing. When
I recently had the pleasure of visiting New Haven
and hearing about Dr. Burke's work, I suggested
the observed increased susceptibility to tinea
vcrsicolor in subjects receiving corticosteroids
might be related to changes in their skin surface
films. I also suggested that she have a conference
with Dr. Herrmann regarding tIns because over
ten years ago he and I and co-workers had found
that significant changes in skin-surface lipids
and in sweat occurred quite promptly in subjects
receiving ACTH and/or cortieosteroids (J.
Invest. Dermat. 16: 323, 1951). I think these
were among the very first experiments that we
did with ACTH and with steroids administered
systemically. I thought there might be a relation-
ship between the susceptibility to fungal infec-
tion and the type of sweat, of sebum and of
keratins and the amounts and their interrelation-
ships. I wonder if Dr. Burke would be kind
enough to say something about that possible
relationship.
DR. RUTH C. BURKE (in closing): In answer
to Dr. Wilson, there were three subjects with
diabetes. Lately, we have been using a skin-
surface-glucose test as detailed by Miller and
Ridolfo in the January—February, 1960 issue
of Diabetes, and have found two patients with
positive skin glucose tests. Miller and Ridolfo
have shown that the skin-surface-glucose test
is a useful adjunct in detecting new diabetics.
The test should prove of value to those workers
interested in studying the correlation of myeoses
and skin-surface-glucose.
As for the rate of desquamation, I am sorry
I am not prepared to answer this at the present
time.
To Dr. Keddie's question about familial occur-
rence of tinea versieolor, we found in our studies
that 10 to 15 per cent of the subjects had rela-
tives with the infection. Strangely, all of these
infections occurred in mother (or maternal rela-
tives) and children; we have turned up no in-
stance of familial infections involving a father
and children. We have found one family of 8,
of whom four have tinea versicolor; the mother,
2 daughters and a son. None of the mates of the
children have the infection.
Dr. Rothman mentioned the Central American
countries and the high incidence of tinea versi-
color there. Dr. Leonore Haley of Yale Medical
School was in South America a year ago and
reports that many of the South American derma-
tologists and medical mycologists feel that in-
dividuals with tinea versieolor are ill, and that
many have avitaminosis. One of our experimental
subjects who became positive for Malassezia
furfur did so during a period of avitaminosis.
As for Dr. Wheatley's question about the
surface film, I am sure that he is primarily in-
terested in our findings about fatty acids. I can
state at this time that we have found no differ-
ence in the type of fatty acid present on the skin
in patients with tinea versicolor or in apparently
normal controls, nor is there any striking dif-
ference in the amount of these acids present.
We have demonstrated at least ten homologous
series, of which five have been identified.
As for Dr. Sulzberger's questions on lipids and
sweat; I am just not sure about the effect of
lipid levels and sweat on tinea versicolor. The
Negro patient with Cushing's syndrome, men-
tioned earlier, had a very dry skin and yielded
only small amounts of lipids after extraction of
the skin with ether. Despite this, she had a very
extensive ease of tinea versicolor. So, a high
lipid level is not necessary for infection: we have
found that the organism invades the follicle and
that it grows there in a yeast phase in many
patients particularly those with high lipid levels.
